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ABSTRACT 
The objective of the present study was to isolate and identify 
bacterial contaminants of some Sudanese paper currency notes. This 
study was conducted in Khartoum State in the period from May to 
October 2005. 
Sixty paper bills of five different denominations (100, 200, 500, 
1000 and 2000 SD) were collected randomly from different sources 
including bus drivers, groceries, hospital pharmacies, butchers, cafeterias 
and medical laboratories. Each bill was preserved in sterile plastic file 
bag and transported to the microbiology lab for bacteriological 
examinations.  
The study revealed that the frequency of bacterial isolation from 
different samples was 24.5 % for hospital pharmacies, 21.6 % for 
medical diagnostic lab., 17.6 % for bus drivers, 13.7 % for butchers, 11.8 
% for groceries and 10.8 % for cafeterias. The rate of bacterial isolation 
from different denominations were 34.3 %, 31.4 %, 14.7 %, 13.7 % and 
5.9 % for 200, 100, 500, 1000 and 2000 SD, respectively.  
The study indicated that Klebsiella pneumoniae (13.7 %), Bacillus 
spp (12.7 %), Staphylococcus epidermidis (10.8 %), Salmonella spp (9.7 
%), Serratia spp (8.8 %), E coli (7.8 %), Pseudomonas aerugenosa (6.9 
%), Enterobacter spp (6.9 %), Yesrssinia spp (6.9 %), Staph aureus (5.9 
%), Proteus spp (4.9 %), Hafnia alvei (2.9 %) and Citrobacter spp (2 %). 
Were the most frequently isolated bacterial species contaminating 
Sudanese currency notes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  اﻷﻃﺮوﺣﺔﻣﻠﺨﺺ 
هѧѧﺪﻓﺖ هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ إﻟѧѧﻲ ﻋѧѧﺰل وﺗﻌﺮﻳѧѧﻒ أﻧѧѧﻮاع اﻟﺒﻜﺘﺮﻳѧѧﺎ اﻟﻬﻮاﺋﻴѧѧﺔ اﻟﻤﻠﻮﺛѧѧﺔ ﻟѧѧﺒﻌﺾ أﻧѧѧﻮاع 
 ﻳﺖ  هﺬﻩ اﻟﺪراﺳﺔ اﻟﺘﺤﻠﻴﻠﻴﺔ ﻓﻲ وﻻﻳѧﺔ اﻟﺨﺮﻃѧﻮم ﻓѧﻲ اﻟﻔﺘѧﺮة ﻣѧﻦ ﻣѧﺎﻳﻮ أﺟﺮ .أوراق اﻟﻌﻤﻠﺔ اﻟﺴﻮداﻧﻴﺔ
 .م5002أآﺘﻮﺑﺮﺣﺘﻰ 
 ,002 ,001 ﻓﺌѧﺔ هѧﻲ  اﺷﺘﻤﻠﺖ ﻋﻠﻲ ﺧﻤѧﺲ ﻓﺌѧﺎت ،ﺟﻤﻌﺖ ﺳﺘﻮن ﻋﻴﻨﻪ ﻣﻦ اﻷوراق اﻟﻤﺎﻟﻴﺔ
 .دﻳﻨﺎر ﺳﻮداﻧﻲ 0002 ,0001- ,005
أﺧﺬت اﻟﻌﻴﻨﺎت ﻣѧﻦ  ﻣѧﺼﺎدر ﻣﺨﺘﻠﻔѧﺔ ﺷѧﻤﻠﺖ ﺳѧﺎﺋﻘﻲ اﻟﺤѧﺎﻓﻼت، اﻟﺒﻘѧﺎﻻت، ﺻѧﻴﺪﻟﻴﺎت داﺧѧﻞ 
 .اﻟﻤﺴﺘﺸﻔﻴﺎت، اﻟﻘﺼﺎﺑﻴﻦ،  اﻟﻜﺎﻓﻴﺘﺮﻳﺎت وﻣﻌﺎﻣﻞ اﻟﻔﺤﺺ اﻟﺘﺸﺨﻴﺼﻲ
ﻣѧﻦ اﻟﻔﺌѧﺎت  %5.42  هѧﻲ  ﻣﻌﺪل ﻋﺰل اﻟﺒﻜﺘﺮﻳﺎ ﻣﻦ اﻟﻌﻴﻨﺎت اﻟﻤﺨﺘﻠﻔѧﺔ أنأوﺿﺤﺖ اﻟﺪراﺳﺔ 
 %6.71 ﻣﻦ ﻣﻌﺎﻣѧﻞ اﻟﻔﺤѧﺺ اﻟﺘﺸﺨﻴѧﺼﻲ ،  %6.22اﻟﻤﺄﺧﻮذة ﻣﻦ ﺻﻴﺪﻟﻴﺎت داﺧﻞ اﻟﻤﺴﺘﺸﻔﻴﺎت ، 
ﻣﻦ اﻟﻜﺎﻓﻴﺘﺮﻳѧﺎت  % 8.01  اﻟﺒﻘﺎﻻت و ﻣﻦ % 8.11 ﻣﻦ اﻟﻘﺼﺎﺑﻴﻦ ، %7.31ﻣﻦ ﺳﺎﺋﻘﻲ اﻟﺤﺎﻓﻼت 
 7.41  -% 4.13  -% 3.43 وﻗﺪ آﺎﻧﺖ ﻧﺴﺒﺔ أﻧﻮاع اﻟﺒﻜﺘﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ ﻣﻦ اﻟﻔﺌﺎت اﻟﻤﺨﺘﻠﻔﺔ هѧﻲ  .
 .ﺑﺎﻟﺘﺮﺗﻴﺐ 0002و  0001 ,005 ,001 ,002ﻟﻠﻔﺌﺎت  % 9.5 - % 7.31 – %
 آﻠﻴﺒѧﺴﻴﻼ ﻧﻴﻤѧﻮﻧﻲ  ﺗﻠﻮث ﻓﺌﺎت اﻷوراق اﻟﺴﻮداﻧﻴﺔ ﺗﺸﻤﻞ اﻟﺘﻲأﻇﻬﺮت هﺬﻩ اﻟﺪراﺳﺔ أن أﻧﻮع اﻟﺒﻜﺘﺮﻳﺎ 
 ,%8.8ﺳﺮﻳѧﺸﻴﺎ  ,%7.9ﺳѧﺎﻟﻤﻮﻧﻴﻼ  ,%8.01اﺳѧﺘﺎف اﺑﻴѧﺪرﻳﻢ  ,%7.21ﺑﺎﺳѧﻴﻠﻴﺲ  ,%7.31
ﻳﺮﺳѧѧﻴﻨﻴﺎ  ,%9.6اﻧﺘﻴﺮوﺑѧѧﺎآﺘﺮ  ,%9.6ﺳѧѧﻴﺪوﻣﻮﻧﻮس اﻳﺮوﻗﻮﻧﻮﺳѧѧﺎ  ,%8.7اﺳﺸﺮﻳѧѧﺸﻴﺎ آѧѧﻮﻻي  
 .%2و ﺳﺘﺮو ﺑﺎآﺘﺮ  %9.2هﺎﻓﻨﻴﺎ اﻟﻔﻲ  ,%9.5اﺳﺘﺎف اورﻳﺲ  ,%9.6
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INTRODUCTION 
 
 There is no question that paper currency is  extremely important 
for humanbeings since they are widely used and exchanged for goods and 
services in this country and world wide. 
Numerous studies have documented that paper currency could act 
as a vehicle to spread bacteria among indiviuals of the community. Since 
it offers an ample surface area to harbor bacteria and other 
microorganisms, paper notes can accommodate a variety of contaminants 
and for longer period, this depends on where the money has been, as well 
as disinfectants added prior to handling, and the more paper bills stay in 
circulation the increased opportunity for it to become contaminated. 
Studies performed in U.S.A, Egypt, Hong Kong, China, India, Pakistan,  
Kambodia and Philippines revealed that these contaminants include 
potential pathogens that may cause diseases in healthy individual such as 
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella pneumonae, Proteus spp, Shigella flixneri as well as 
Enterobacter and Enterococcus spp. 
 Studies also demonstrated that bacteria associated with infections 
in hospitalized and immuncompromized hosts such as coagulase negative 
Staphylococci, Acinetobacter, non aeruginosa species of Pseudomonas, 
Bacillus species, Alcaligens species, diptheroid and Escherichia vulneris, 
could be transmitted by contaminated paper notes. 
 Moreover, in Nigeria, a bacteriological study of old notes 
withdrawn from circulation were found to be so contaminated that they 
were considered a health risk for the treasury workers, associated with 
impairment of lung function. 
 Since many communicable diseases can spread through fomities, 
paper currency may play a role as a vehicle for transmission of diseases 
and represent an often overlooked reservoir. 
 No reports in the available literature describe the extent of 
bacterial contamination in paper notes in the Sudan, and this study 
constituted the first trial. 
The objective of this study is to isolate and identify the bacterial 
contamination of some Sudanese paper currency notes in circulation in 
Khartoum State.  
CHAPTER ONE 
LITERATURE REVIEW 
1.1 Paper currency: 
Paper currency is extremely important because it is widely 
exchanged for goods and services world wide (Pope et al., 2002; El-Dars 
and Hassan, 2005). It is one of the earliest and most significant invention 
essential to the development of trade (Ramsden, 2004). 
Paper money was first experimented in China between 1050-1450 
AD during the five Dynasties period before its first appearance in Europe 
in the seventeenth century (Ramsden, 2004). 
Currency notes are made of a rugged mixture of cotton (75%) and 
linen (25%) ( Gadsby, 1998; El-Dars and Hassan, 2005). 
1.2 Contamination of paper currency:  
Until recently the studies concerning the contamination of paper 
notes and coins have been few and rather limited (Banifazi, 2002; 
Michael, 2002), but the accumulated data obtained over the last two 
decades on the microbial status and survival of pathogens on coins and 
currency notes indicated that this could represent a potential cause of 
sporadic cases of food-born illnesses. Most paper notes exchanged daily 
were found to be contaminated with various microbes (Podhajny, 2004).  
Survival of various microorganisms of concern on money is that, 
could serve as a vehicle for transmission of disease and represents an 
often overlooked enteric disease reservoir (Michael, 2002). 
The importance of paper notes as a mean of disease transmission 
was realized after the outbreak of Severe Acute Respirotary Syndrome 
(SARS) in Asia, and the reason behind that was the belief that money 
played a direct or indirect role in spreading of the disease (El-Dars and 
Hassan, 2005). Since bacteriological studies revealed that bacteria could 
spread from person to person via fomities (Pope et al., 2002), it can 
spread by paper notes. Beside that bank notes provide large surface area 
for bacterial contamination. Paper currency is commonly and routinely 
passed and exchanged among individuals and it remains in circulation for 
several years (Podhajny, 2004), thus bacteria could spread on the surface 
of paper notes (Pope et al., 2002). Both paper currency and coins often 
offer an ample surface areas to harbor bacteria (El-Dars and Hassan, 
2005), and paper notes can accommodate a variety of contaminants and 
for longer period (Gadsby, 1998; Brown, 2003). The more the paper bills 
stay in circulation the more opportunity for it to become contaminated 
(Gadsby, 1998; Brown, 2003).  
Older notes studied in China, Hong Kong, India, Cambodia and the 
Philippines were found to carry an overwhelming amount of bacteria on 
both surfaces (Siddique, 2003; Brown, 2003). The reason behind this 
may be that the tear and wear on old notes offer more hiding space for 
germs (El-Dars and Hassan, 2005). 
 
1.2.1.  Types of contaminants:  
The type of contaminants on paper notes is ultimately dependent 
on the place and the activities performed prior the handling of the money 
in such away that the notes carry the imprint of the previous activities 
(Michael, 2002). 
Abrams and Waterman, (1972) reported that 13 % of the U. S. 
coins and 42 % of the paper money was found to be contaminated with 
potential pathogenic bacteria such as Coagulase positive Staphylococci, 
E. coli, Klebsiella spp, Pseudomonas aeruginosa and Proteus mirabilis. 
Khin et al., (1989) found that paper currency notes were 
contaminated with enteric pathogens such as enterotoxigenic E. coli, 
Vibrio and Salmonella.  
Bacteriological survey of Turkish paper bills revealed that 
currency notes in general were bacteriologically contaminated especially 
with enteric and some other potential pathogens. Aerobic spore forming 
bacilli, Staphylococcus epidermidis, Staphylococcus aureus, 
Enterococcus, alpha haemolytic Staphylococcus, Streptococcus 
pneumonae, Corrynebacteri-um, Lactobacilli, Klebsiella pneumoniae, 
Enterobacter, E. coli, Proteus, Pseudomonas aeruginosa and Shigella 
flixneri were isolated during that study (Goktas and Oktay, 1992). 
Pope et al., (2002) investigated 68 bills of one dollar 
denomination, 94 % of these bills were contaminated with potentially 
pathogenic bacteria which included, K. pneumoniae and Staph. aureus.  
Potential pathogens constituted 7 % of the isolates and the 87 % of the 
isolates were considered as potential pathogenic to hospitalized patients 
or the immunocompromized hosts, these included: Coagulase negative 
Staphylococci,∝ haemolytic Streptococci, Enterobacter species, 
Acinetobacter species, non aeruginosa species of Pseudomonas, Bacillus 
species, Alkaligen diphtheroid and Escherichia vulneris. 
         Staph. aureus and K. pneumoniae were also isolated from bank-
notes in Egypt (El-Dars and Hassan, 2005), where 65% of the 
investigated bills were found to be contaminated. The feebly or the non 
pathogenic Staphylococcus epidermidis) was also isolated in that 
investigation (El-Dars and Hassan, 2005). 
         Basavarajappa et al., (2005) investigated 100 Indian currency notes 
from various denominations in circulation. 96 % of the examined notes 
were found contaminated with bacteria. The predominant bacterial 
isolates were Bacillus spp followed by coagulase negative Staphylococci 
and Micrococcus spp. Other bacteria that are either potential or 
confirmed pathogens including: K. pneumonae, E. coli, Staph. aureus, 
Pseudomonas spp, Salmonella typhi and acid- fast bacilli. 
Although the presence of cupper in coins was found to be a 
limiting factor for bacterial survival on coins in general (Bonifazi 2002), 
a die-off studies with E. coli 0157:H7 and Salmonella interitidis 
demonstrated that coins could serve as potential vehicle for transmission 
of pathogens a few days after contamination (Jiang and Doyle, 1999). 
E. coli 0157:H7 was seen to survive for up to 11 days on some 
coins and was capable of contaminating other surfaces as well (Jiang and 
Doyle, 1999).  Other studies also documented that paper notes could 
carry a variety of contaminants and for longer period (Gadsby, 1998; 
Brown, 2003). Contaminated paper notes beyond transmitting pathogenic 
bacteria could spread antibiotic- resistant pathogens (Pope et al., 2002).  
A number of enteric pathogens causing food-borne diseases   were found 
to be associated with infection caused by very low infective doses of 
bacteria, these include Salmonella spp, Shigella spp, and E. coli. In few 
instances investigation have indicated that even one bacterium in 
appropriately susceptible host could actually be responsible for causing 
ill (Michael, 2002).   
Osim and Esin, (1996) investigated some workers in the Nigerian 
treasury who deal with large quantities of old and dirty currency notes 
drawn from circulation. They concluded that the chronic exposure to 
large quantities of old and dirty currency notes may impair the lung 
functions of the treasury workers. 
         Although the clinical significance of bacterial contamination of 
paper currency is unknown, transmission of resistant organisms from 
person to person could be significant even if the recipient is initially 
colonized only. These organisms may later cause clinically significant 
infection if the individual is hospitalized or become 
immunocompromised (Pope et al., 2002). More complex studies using 
molecular methods would be required to prove transmission of resistant 
organisms from person to person via paper currency (Pope et al., 2002). 
1.3 Bacteria commonly isolated from paper currency: 
1.3.1 Staphylococcus spp: 
Gram positive cocci in clusters, non motile, non spore forming. 
Aerobic and facultatively anaerobic. Catalase positive and usually 
oxidase negative. Hydrolyse arginine, produce actoin and attack sugars 
by fermentation (Barrow and Feltham, 2003). 
1.3.1.1 Normal habitat:  
Staphylococci are widely distributed in the environment, they form 
part of normal microbial flora of the skin, upper respiratory tract and 
intestinal tract. Staph. aureus is carried in the nose of 40 % or more of 
healthy people (Quinn et al., 2002). 
1.3.1.2 Pathogenicity: 
Staphylococcus is the main causative agent of postoperative 
wound infection (Briody, 1974). The main species of medical important 
is Staph. aureus, several other species may also cause disease including 
Staph. epidermidis and Staph. saprophyticus (Cheesbrough, 1987). 
1.3.1.2.1 Staph aureus: 
This species causes: 
• Abscesses, boils, styes, and impetigo. It may also cause 
secondary infection of insect bites, ulcers, burns, wounds, and 
skin disorders. 
• Conjunctivitis, especially of the new born. 
• Cross infections in hospitals. 
• Septicaemia, endocarditis, and osteomyelitis. 
• Pneumonia and empyema. 
• Mastitis. 
• Antibiotic associated enteritis. 
• Food poisoning from entertoxin B produced by S. aureus in 
foods such as cooked meats and milk and milk- products (e.g. 
ice cream). 
• Scalded skin syndrome in young children due to the toxin 
exfoliation. 
• Toxic shock syndrome due to colonization of S. aureus 
especially in the vagina (Cheesbrough, 1987). 
1.3.1.2.2 Staph epidermidis: 
The incidence of Staph. epidermidis infection is low. It is usually 
linked to special circumstances, for example, bacteraemia following 
infection of cannulae, indwelling catheters, shunts, or other appliances 
positioned in the body. Infections are harder to treat because of the 
presence in the host of foreign matter, and the antibiotic resistance of the 
bacteria (Cheesbrough, 1987).  
1.3.2 Bacillus spp: 
 Rods, mainly gram-positive in young cultures, motile (some non-
motile forms occur). Not acid-fast; produce heat-resistant spores under 
aerobic conditions. Aerobic; some species facultatively anaerobic. 
Oxidase-variable; catalase-positive. Species differ in the manner in which 
they attack sugars; some do not attack them (Barrow and Feltham, 2003). 
1.3.2.1 Normal habitat: 
 Bacillus species are widely distributed in nature, most live as 
saprophytes in the soil, dust, water, and on vegetation. They are able to 
form resistant spores. Various species occur as common contaminants of 
laboratory cultures. B. cereus can be found in a variety of foods including 
cereals species, meat and poultry (Quinn et al., 2002).     
1.3.2.2 Pathogenicity: 
1.3.2.2.1 Bacillus  cereus: 
  This species causes: 
• Food-poisoning from the entertoxin produced usually in rice or 
other cereals that have been cooked and stored in warm 
temperature. 
• Occasionally pneumonia, broncho-pneumonia, and infection of 
wounds (Cheeshrogh, 1987).  
 
1.3.2.2.2 Bacillus Subtilis: 
• Has been reported as causing meningitis, endocarditis and eye 
infection (Cheeshrogh, 1987), and also was implicated in 
causing food poisoning similar to that due to B. cereus. (Green-
wood et al., 2002). 
1.3.3. Streptococcus pneumoniae:  
 Gram-positive cocci in pairs or chains. Non- motile and non- 
sporing. Aerobic, facultatively anaerobic, catalase and oxidase negative. 
Attack carbohydrates fermentively (Barrow and Feltham, 2003).   
1.3.3.1. Normal habitat:  
S. pneumoniae can be found as commensal in the upper respiratory 
tract (Koneman et al., 1997). 
1.3.3.2. Pathogenicity: 
Streptococcus pneumoniae causes: 
• Lobar pneumonia, bronchopneumonia, and bronchitis. 
• Bacteraemia and meningitis. 
• Endocarditis and pericarditis.  
• Middlear infection, sinusitis, and conjunctivitis (Green-wood et 
al., 2002). 
 
1.3.4. Corynebacterium spp: 
 Gram positive rods which under most conditions of growth do not 
branch, non motile, non sporing and non acid fast.  Aerobic and 
facultatively anaerobic. Catalase positive and usually oxidase  
negative. Attack sugars fermentatively or do not attack them (Barrow 
and Feltham, 2003).  
1.3.4.1 Normal habitat:  
 Corynebacterium spp:  
Can be found in soil, plants and animals. In humans, commensally 
dipheroids form part of the normal microbial flora of skin, upper 
respiratory tract, urinary tract and conjuctiva (Cheesbrough, 1987). 
1.3.4.2 Pathogenicity:  
1.3.4.2.1  C. diphtheriae causes: 
• Nasal, nasopharyngeal and tonsillar diphtheria especially in 
young children. 
• Cutaneous diphtheria (which develops when C. diphtheriae 
infects open wounds). 
 1.3.4.2.2   C. ulcerans causes:  
• Diphtheria like infection of the throat, however, it rarely causes 
serious symptoms as C. diphtheriae (Green-wood et al., 
2002). 
1.3.5 Shigella spp: 
  Gram-negative rods, non motile. Aerobic and facultatively 
anaerobic. Catalase positive, oxidase negative and citrate negative. 
Attack sugars by fermentation without gas production (Barrow and 
Feltham, 2003).  
1.3.5.1 Normal habitat: 
Shigella species are found only in the human intestinal tract 
(Green-wood et al., 2002). 
1.3.5.2 Pathogenicity:  
 Shigella  species  cause bacillary dysentery in humans (Koneman 
et al., 1997). 
1.3.6 Escherichia coli: 
      Gram-negative rods, often motile, aerobic and facultatively 
anaerobic. Catalase positive, oxidase negative. Attack sugars 
fermentatively, with gas normally produced, usually citrate-negative 
(Barrow and Felthman, 2003), most E. coli strains produce indol from 
peptone water. Some E. coli strains are capsulated (Cheesbrough, 1987). 
1.3.6.1 Normal habitat: 
E. coli forms part of the normal microbial flora of the intestinal 
tract of humans and animals. They can also be found in water, soil, and 
vegetation (Cheesbrough, 2000).  
 
1.3.6.2 Pathogenicity: 
E. coli causes: 
• Urinary tract infections including cystitis, pyelitis, and 
pyelonephritis. 
• E. coli is the commonest pathogen isolated from patients with 
cystitis. 
• Wound infections, appendicitis, and peritonitis. 
• Infection of the gall bladder, bacteraemia, and meningitis 
especially of the new born. 
• Diarrhoeal disease especially in infants but also in adults. 
1.3.7 Vibrio spp: 
Gram-negative rods, motile, aerobic and facultatively anaerobic, 
catalase positive, oxidase positive and reduces nitrate to nitrite. Attacks 
sugars by fermentation; gas not produced.  NaCl is essential for growth 
(Barrow and Feltham, 2003).  
1.3.7.1 Normal habitat:  
 Most Vibrio spp. are found in fresh, brackish and saltwater shell 
fish and other sea-foods (Koneman et al., 1997).  
1.3.7.2 Pathogenicity:  
Vibrio cholerae causes cholera  in humans (Green-wood et al., 
2002), and it is a part of the important human pathogen, there are five  
sub-species of V. cholerae that cause enteric infections in humans.  
Vibrio parahaemolyticus causes food poisoning. 
1.3.8 Pseudomonas spp :  
Gram negative rods, motile, aerobic, catalase positive, oxidase 
positive and attack sugars by oxidation. Fluorescent, diffusible yellow 
pigment may be produced by some species. They produce acid from 
many sugars in ammonium salt medium (Barrow and Feltham, 2003). 
1.3.8.1 Normal habitat: 
Pseudomonas species can be found in water, soil, sewage and 
vegetation. They can also be found in the intestinal tract of humans and 
animals. Ps. aeruginosa is frequently present in hospital environments, 
especially in moist places such as sinks, bowls, drain, cleaning buckets, 
and humidifiers. It can also be found growing in eye drops, ointments, 
and weak antiseptic solutions (Quinn et al., 2002). 
1.3.8.2 Pathogenicity: 
Ps. aeruginosa causes:  
• Skin infections especially at burn sites, wounds, pressure sores, 
and ulcers, often as secondary invader. 
• Urinary tract infection, usually following catheterization or 
associate with chronic urinary infection. 
• Respiratory infections, especially in patients with cystic 
fibrosis or condition that cause immuno-supression. 
• Internal ear infections (otitis external). 
• Eye infections (usually hospital acquired). 
• Septicaemia especially in persons already in poor health. 
(Cheesbrough, 1987). 
1.3.9 Klebsiella spp: 
Gram negative rods which are non motile. They are aerobic and 
facultatively anaerobic, catalase positive, oxidase negative and attack 
sugars fermentativelly, usually with the production of gas. VP and urease 
positive (Barrow and Felthman, 2003). 
  The main species of medical importance is Klebsiella pneumoniae. 
Four sub-species of Klebsiella pneumoniae are recognized K. 
pneumoniae sub-sp pneumoniae, K. pneumoniae sub-sp. areogenes, K. 
pneumoniae sub-sp. ozaenae, K. pneumoniae sub-sp. rhinoscleromatis 
(Cheesbrough, 2000). 
1.3.9.1 Normal habitat: 
Klebsiella strains can be found in the intestinal tract of humans and 
animals, and also in plants, soil, and water. K. pneumonia can be found 
as commensal in the mouth and upper respiratory tract, and also in moist 
environments in hospitals and else where (Carter, 1986). 
1.3.9.2 Pathogenicity: 
• This species causes chest infections. Occasionally it causes 
severe pneumonia, especially in patients being treated with 
ampicillin. 
• Urinary tract infections, particularly those are hospital-
acquired. 
• Septicemia and meningitis. 
• Wound infections and peritonitis (Cheesbrough, 1987). 
1.3.10 Proteus spp: 
Gram negative rods which are motile, aerobic and facultative 
anaerobic. Catalase positive, oxidase negative, attack sugar fermatively, 
usually with gas production, and hydrolyse urea and gelatin (Barrow and 
Fletham, 1993). 
1.3.10.1 Normal habitat: 
Proteus species are found in the intestines of humans and animals, 
in soil, sewage, and water and they are frequent contaminants of cultures. 
(Cheesbrough, 1987). 
1.3.10.2 Pathogenicity: 
The main species of medical important is P. mirabilis, and P. 
vuglaris (Carter et al., 1986). 
1.3.10.2.1 P. mirabilis: 
  This species causes: 
• Urinary tract infections, especially following catheterization or 
cystoscopy, infections are also associated with the presence of 
stones. 
• Abdominal and wound infections. Proteus is often a secondary 
invader of ulcers, pressure sores, burns, and damaged tissues. 
• Septicaemia, and occasionally meningitis and chest infections. 
(Cheesbrough, 1987). 
1.3.10.2.2 Proteus vulgaris: 
This species occasionally isolated from urine, pus, and some other 
specimens. 
1.3.11 Salmonella spp: 
Gram negative rods, motile, aerobic and facultatively anaerobic. 
Catalase positive, oxidase negative. Attack sugars by fermentation with 
production of gas. Simmons citrate usually positive (S. typhi is important 
exception that it does not produce gas and is Simmons citrate negative) 
(Barrow and Feltham, 2003). 
1.3.11.1 Normal habitat: 
Most salmonellae are found in the intestinal tract of animals 
especially of pigs, cows, goats, sheep, rodents, hens, ducks, and other 
poultry. S. typhi and S. paratyphi, however, are usually found in humans 
(Quinn et al., 2002). 
1.3.11.2 Pathogenicity: 
1.3.11.2.1 Salmonella  arizonae: 
Causes gastroenteritis, enteric fever, septicemia, and localized 
infection (Koneman et al., 1997). 
1.3.11.2.2 Salmonella enteritidis : 
  Causes gastroenteritis in humans (Quinn et al., 2002). 
1.3.11.2.3 Salmonella typhi:  
This species causes: 
• Typhoid (enteric fever). 
• Nephrotyphoid in patients with urinary schistosomiasis. 
• Osteomyelitis. 
• Abscess of the spleen and else where. 
• Meningitis and rarely pneumonia and endocarditis. 
1.3.11.2.4 Salmonella paratyphi A & B:  
These salmonellae cause paratyphoid (enteric) fever. 
1.3.11.2.5 Salmonella paratyphi C:  
 Causes septicaemia (Green-wood et al., 2002).  
CHAPTER TWO 
MATERIALS AND MEHODS 
 
2.1 Materials:  
2.1.1 Media:  
For the isolation and identification of bacteria contaminating 
paper notes, different types of media were used, including solid, 
semisolid and liquid media. All media were prepared according to 
methods described by the manufacturers. 
2.1.1.1 Solid Media:  
2.1.1.1.1 Nutrient Agar (Biomark lab): 
The medium was prepared by dissolving 28 g of powder in 1 liter 
of distilled water by boiling. The medium was sterilized by autoclaving 
(121°C for 15 min), cooled to 55 °C and then distributed into sterile Petri 
dishes 20 ml in each.  
2.1.1.1.2 Blood agar:  
Hundred milliliters of fresh, sterile, defibrinated blood were added 
aseptically to 900 ml of melted sterile nutrient agar which was cooled to 
55 °C, mixed and distributed into sterile Petri dishes, 20 ml each.  
2.1.1.1.3 MacConkey Agar (Hi Media Lab): 
Fifty two grams of the medium were dissolved in 1 liter of distilled 
water by boiling. The pH was adjusted to 7.4, after which the medium 
was sterilized by autoclaving at 121 °C for 15 min, cooled to 55 °C and 
distributed into sterile Petri dishes 20 ml each. 
2.1.1.1.4 Urea Agar (Oxoid):  
The medium was prepared by dissolving 2.4 g of the powder in 95 
ml distilled water by boiling. After sterilization by autoclaving at 115 °C 
for 20 minutes the base medium was cooled to 50 °C and aseptically 5 ml 
of sterile 40 % urea solution were added. The pH was adjusted to 6.8 and 
distributed into screw-capped bottles, 10 ml each and then was allowed 
to set in the slope position.  
2.1.1.1.5 Simmon’s Citrate Agar (Oxoid): 
Twenty-three grams of powder were dissolved in 1000 ml distilled 
water by boiling. The pH was adjusted to 7.0, and then the medium was 
sterilized by autoclaving at 121°C for 15 min and distributed into sterile 
screw-caped bottles and allowed to solidify in a slope position.  
2.1.1.1.6 Kligler Iron Agar (KIA): (Hi Media Lab) 
Fifty-five grams of the powder were dissolved in 1000 ml distilled 
water by boiling. It was cooled to 50-55°C, distributed into tubes 
(approx. 16-160 mm) and sterilized by autoclaving at 121°C for 15 
minutes. Then it was allowed to solidify in a sloped position 
2.1.1.1.7 Ammonium Salt Sugars (ASS): (Hi Media Lab) 
This medium consisted of ammonium phosphate, potassium 
chloride, magnesium sulphate, yeast extract, agar and bromcresol purple. 
It was prepared according to Barrow and Feltham (1993) by adding the 
solids to 1000 ml distilled water, dissolved completely by boiling and 
sterilized at 115°C for 20 min. The medium was allowed to cool to about 
55 °C and the appropriate sugar was added as a sterile solution to give a 
final concentration of 1 %. The medium mixed and distributed aseptically 
into sterile tubes.    
2.1.1.2 Semi-solid Media:  
2.1.1.2.1 Hugh and Leifson’s (O.F) Medium: (Oxoid and BDH) 
The medium was prepared by dissolving 10.3 grams of solids in 1 
liter of distilled water by boiling, and the pH was adjusted to 7.1. Filtered 
bromothymol blue (0.2 % aqueous solution) was added and then 
sterilized at 115 °C for 20 min. Sterile solution of glucose was added 
aseptically to give final concentration of 1%, mixed and distributed 
aseptically into sterile tubes.  
2.1.1.2.2 Motility Medium: (Oxiod) 
Thirteen grams of dehydrated nutrient broth were added to 4 g of 
agar and dissolved in 1 liter of distilled water by boiling and the pH was 
adjusted to 7.4, distributed in 5 ml amounts in test tubes containing 
Craigie-tubes and sterilized by autoclaving at 121 °C for 15 min.  
2.1.1.2.3 Nutrient Gelatin (Oxoid and BDH): 
This medium was prepared by dissolving 128 g of solids in 1000 
ml distilled water by boiling. The pH was adjusted to 6.8 and distributed 
into screw-capped bottles, sterilized by autoclaving at 121°C for 15 min. 
2.1.12.4 Plate Count Agar (Oxoid Code – CM325): 
Seventeen point five gram of dehydrated medius were suspended 
in one litter of distilled water, boiled with frequent stirring, and mixed. 
The medium was sterilized by autoclaving at 121ºC for 15 min after 
adjusting the pH to 7.4, then distributed into Petri-dishes.   
2.1.1.3 Liquid Media:  
All liquid media were prepared according to Barrow and Feltham 
(1993): 
2.1.1.3.1 Nutrient Broth (Hi Media Lab): 
This medium was prepared by dissolving 13 g of the medium in 1 
liter of distilled water. The pH was adjusted to 7.4 and distributed into 
screw-capped bottles, 5 ml each and sterilized at 121°C for 25 min.  
2.1.1.3.2 Peptone Water: (Hi Media Lab) 
This medium was prepared by dissolving 15 g of peptone water 
powder in 1 liter of distilled water. The pH was adjusted to 7.2, 
distributed into screw-capped bottles and sterilized by autoclaving at 
121°C for 15 min.  
2.1.1.3.3 Glucose Phosphate Broth (M.R-V.P Medium):  
Five grams of peptone and 5 g of potassium phosphate were 
dissolved in 1 liter of distilled water by steaming. The pH was adjusted to 
7.5, after that 5 g of glucose were added and mixed .The medium was 
distributed into test tubes, 5 ml each and sterilized by autoclaving at 
110°C for 10 min. 
2.1.1.3.4 Peptone Water Sugars:   
Nine hundred milliliter of peptone water were prepared and pH 
was adjusted to 7.1- 7.3 before 10 ml of Andrade’s indicator were added. 
Ten grams of the appropriate sugar were added to the mixture, distributed 
into tubes, 5 ml each. They were sterilized by autoclaving at 110 °C for 
10 min.  
2.1.1.3.5 Nitrate Broth:  
One gram of nitrate was dissolved in 1 liter of nutrient broth, then 
distributed into tubes and sterilized by autoclaving at 115 °C for 15 min. 
2.1.2 Biological Materials:  
2.1.2.1 Sheep blood:  
Sterile defibrinated sheep blood used for the preparation of blood 
agar was obtained by vepuncture of jugular vein of donor sheep.  
2.1.2.2 Human plasma:  
This was used for the detection of coagulase production by 
Staphylococci.  
2.1.3 Reagents:  
Reagents used in this study were obtained from British Drug 
House Chemical (BDH), METLAB, and HOPKIN & WILLIAMS Ltd. 
These were prepared according to Barrow and Feltham (1993). 
2.1.3.1 Hydrogen peroxide:  
Hydrogen peroxide was prepared as 3 % aqueous solution and used 
for catalase test. 
2.1.3.2 Kovac’s Reagent:  
  This reagent is composed of paradimethylaminobenzaldehyde, 
amylalcohol and concentrated hydrochloric acid. After preparation the 
reagent was stored in the refrigerator at 4 °C. 
2.1.3.3 Potassium Hydroxide:  
Potassium hydroxide was prepared as 40 % solution and used for 
Voges – Proskauer (V.P) test.  
 
2.1.3.4 Alpha naphthol Solution:  
It was prepared as 1% aqueous solution and used for V.P test. 
2.1.3.5 Oxidase Reagent:   
Tetramethyl p-phenylene Diamine Dihydrochloride was prepared 
as 1% aqueous solution and used for oxidase test.  
2.1.3.6 Methyl Red Solution:  
It was prepared by dissolving 0.04 g of methyl red powder in 40 
ml ethanol and the volume was completed to 100 ml by distilled water. It 
was used for methyl red test.  
2.1.3.7 Andrade’s Indicator:  
This was prepared by dissolving 5 g of acid fuchsin in 1 liter of 
distilled water, and then 150 ml of alkali solution (NaOH) were added. It 
was used in peptone sugar medium. 
2.1.3.8 Bromothymol Blue Solution:  
This was prepared as 0.2 % (w/v) by dissolving 0.2 g of 
bromothymol blue powder in 100 ml distilled water. It was used for 
oxidation fermentation (O.F) test.  
2.1.3.9 Bromcresol purple Solution:  
Bromcresol purple solution was prepared as 0.9 % solution; it 
was used in ammonium salt sugars (ASS).  
2.1.3.10 Physiological Saline:  
This was prepared by dissolving 8.5 g of sodium chloride in 1000 
ml distilled water. 
2.1.3.11 Nitrate Test Reagent:  
This reagent composed of two solutions:  
• Solution A: Sulphanilic acid 0.33 % in 5N-acetic acid 
dissolved by gentle heat. 
• Solution B: Dimeyhyl–α--naphthylamine 0.6 % in 5N-acetic 
acid.  
The reagent was used to detect nitrate reduction.  
2.2 Methods:  
2.2.1 Sterilization:  
2.2.1.1 Autoclaving:  
Screw-capped bottles, rubber caps, media solutions, normal saline, 
were sterilized in autoclave at 121°C for 15 min and 110 °C for 10 min in 
case of sugar media.  
2.2.1.2 Hot-air Oven:  
Glassware such as Petri dishes, tubes, flasks and glass rods were 
sterilized in hot air oven at 160 °C for 1 h.  
2.2.1.3 Disinfection:  
Solution of 70 % alcohol and phenolic disinfectant were used for 
bench sterilization.  
2.2.2 Collection of Samples: 
Sixty paper bills were collected randomly from a number of 
different services including bus drivers, groceries, hospital pharmacies, 
butchers, cafeterias and medical diagnostic labs. Each bill was preserved 
in sterile plastic file bag in order to avoid further contamination.  
Bacterial examinations were carried out at the Department of 
Microbiology, Faculty of Veterinary Medicine,  University of Khartoum. 
2.2.3 Cultural methods:  
2.2.3.1 Primary isolation:  
Paper bills were rolled and placed in sterile test tubes containing 
nutrient broth. After soaking and vortexing for 30 minutes the bills were 
removed with sterile forcepses.  The test tubes were then incubated 
overnight at 37 °C. 
The broth was streaked on to blood and MaConkey agar using 
sterile standard 10 ựl loop. The MacConkey agar plates were incubated 
aerobically while the blood agar plates were incubated in carbon dioxide 
atmosphere (approximately 5 %). All plates were incubated at 37 °C for 
24 h.  
2.2.3.2 Examination of cultures:  
Examination of all cultures on solid media was performed for 
detection of growth, pigmentation, colonial morphology as well as 
changes in the media. Plates which showed visible growth were subjected 
to further bacteriological tests while those which did not show visible 
growth were incubated for further 48 hours. 
2.2.3.3 Purification of isolates:  
The primary isolates were subcultured on nutrient agar and blood 
agar (for fastidious microorganism). The subculture was repeated several 
times until pure colonies were obtained. 
2.2.4 Identification of isolated pathogens:              
Identification was carried out according to the procedure described 
by Barrow and Feltham (1993). 
2.2.4.1 Primary Identification:  
2.2.4.1.1. Preparation of Smears:  
Smears were prepared by emulsifying a small inoculum of each 
bacterial culture in a drop of sterile normal saline and spreading it on 
clean slide. The smears were allowed to dry and then fixed by gentle 
heating.  
2.2.4.1.2 Gram’s Technique:  
This was done as described by Barrow and Feltham (1993).  
2.2.4.1.3 Microscopic Examination of Isolates:  
All isolated microorganisms were subjected to microscopic 
examination and the shape, arrangement and Gram’s reaction were 
detected.     
2.2.4.1.4 Catalase Test:  
This test is used to identify bacteria which produce the enzyme 
catalase (Cheesbrough, 1987). One to two colonies of tested organism 
was placed on a  drop of 3 % hydrogen peroxide on a clean slide using a 
wooden stick. Production of air bubbles indicated positive result.  
2.2.4.1.5 Oxidase Test:  
The tested organism was picked using sterile bent glass rod and 
rubbed on a filter paper saturated with oxidase reagent. The development 
of dark purple colour within ten seconds indicated appositive result.  
2.2.4.1.6 Oxidation – Fermentation Test (O.F):  
Two tubes of Hugh and Leifson’s medium were inoculated with 
tested organism. One of them was covered with a layer of sterile paraffin. 
All tubes were incubated at 37 °C and examined daily for seven days. 
Fermentative organisms produced a yellow colour on both tubes while 
oxidative organisms produced a yellow colour only on the open tube. 
 2.2.4.1.7 Motility Test:   
The Craigie tube method was used to detect the motility of the 
organism. The growth of the microorganism outside the Craigie tube 
indicated that it is a motile organism. 
2.2.4.1.8 Sugar Fermentation Test:  
The sugar media were inoculated with 24 h culture of tested 
organism. They were incubated at 37 °C and examined daily for up to 
seven days. Acid production was indicated by the development of pink 
colour in the medium and gas production was indicated by trapped air in 
the Durham’s tube.  
2.2.4.2. Secondary Identification: 
2.2.4.2.1 Indole Test:  
The tested microorganism was inoculated in peptone water then 
incubated at 37 °C for 48 hours. Two to three drops of Kovac’s reagent 
were added  to the culture and shaked well. Production of pink colour on 
the upper layer of the reagent was considered indole positive.  
2.2.4.2.2 Methyl Red Test (M.R):  
Glucose phosphate broth was inoculated with the tested organism 
and incubated at 37 °C for 48 h. Then 3-5 drops of methyl red solution 
were added and mixed gently. Red colour in the medium indicated 
positive result.  
2.2.4.2.3 Voges-Proskauer Test (V.P):  
This test was performed to detect the production of acetylmethyl 
carbinol. Glucose phosphate broth was inoculated with tested organism 
and incubated  at 37 °C for 48 h. Then 0.6 ml of alpha-naphthol solution 
followed by 0.2 ml of 40 % potassium hydroxide solution were added to 
1 ml of culture, mixed well and examined after 15 min and one hour.  
Bright  red colour indicated positive result.  
2.2.4.2.4 Citrate Utilization Test:  
Simmon’s citrate medium was inoculated with the tested organism, 
incubated at 37 °C and examined daily for up to seven days. The 
development of blue colour in the medium was considered as positive 
result.  
2.2.4.2.5 Urease Test:   
The tested microorganisms were inoculated on a slope of urea agar 
medium, incubated at 37 °C and examined for up to 5 days. The change 
of colour of the medium to red or pink indicated a positive result.  
2.2.4.2.6 Hydrogen Sulphide Production:  
The tested organism was inoculated on a slope of Kiligler Iron 
Agar (KIA) by stabbing the butt and streaking the slope, incubated at 37 
°C and examined daily for up to 7 days. Blackening of the butt was 
considered a positive reaction.  
2.2.4.2.7 Gelatin hydrolysis Test (or Liquifaction):   
Nutrient gelatin medium was inoculated with tested microorganism 
and incubated at 37 °C for seven days. The culture was examined daily 
by incubation in the refrigerator for 30 minutes. The culture which 
remained liquid after the incubation was considered as positive result.  
2.2.4.2.8 Nitrate Reduction Test:  
The tested microorganism was grown in nitrate broth and 
incubated at 37 °C for 5 days. One milliliter of nitrate reagent A was 
added followed by 1 ml of reagent B. A deep red colour produced was 
considered as positive reaction.  Tubes  that did not show red colour, zinc 
powder was added to them and allowed to stand. Formation of red colour 
indicated that nitrate was present and the tested organism did not reduce 
it.  
 
2.2.4.2.9. Coagulase Test:  
This test was done to detect bound coagulase. A drop of 
physiological saline was placed on each end of a clean slide and small 
amount of bacterial culture (distinct colonies) was emulsified in each of 
the drop to make two thick suspensions. A drop of undiluted human 
plasma was added to one of the suspension and mixed gently. The 
development of Clumping within 10 seconds was reported as positive 
reaction. 
2.2.4.3 Viable count: 
The Miles and Misra (1938)  method was used to determine the 
number of viable bacteria harboured on each denominations. Examined  
denominations included 100 SD, 200 SD, 500 SD, 1000 SD and 2000 
SD. Each paper denomination soaked in 10 ml and vortexed and then 
immediately 1 ml was serially ten-fold diluted in sterile normal saline.   
CHAPTER THREE 
RESULTS 
 
3.1 Sample and Bacteriology: 
 Paper denominations were collected from cafeteria, butchers, bus 
drivers, hospital pharmacies, labs and groceries. The highest rate of 
bacterial isolation documented in samples collected from hospitals, and 
the least was detected in samples obtained from cafeterias (Table: 1). 
Sixty five percent of samples that were positive for bacterial 
growth were mixed cultures (polymicrobial), while the 35 % were 
unimicrobial i.e pure culture (Figure: 1).  
The highest frequency of bacterial isolation was detected in the 
200 SD denomination from all sources and the least rate of isolation was 
detected in 2000 SD (Table: 2). 
According to the cultural and biochemical characteristics, the most 
frequent bacteria isolated from paper notes were Staph. spp (16.7 %),  K. 
pneumoniae (13.7 %) and Bacillus. spp (12.7 %), and the least frequent 
was Citrobacter spp (2 %) (Table: 3).  
Isolated bacteria were grouped as potential pathogens (52 %), 
opportunistic pathogens (36.3 %), and a third group included bacteria 
which are clinically non- significant (12.7 %), (Table: 4) and (Figure: 2). 
3.2 Biochemical testing: 
 The biochemical tests used to identify different isolated gram 
positive and gram- negative bacteria are shown in Table 5 and 6 
respectively. 
            
   
 
Table (1):  Number and percentage  of bacterial isolates from each 
source  
 
Source Number of bacterial isolates Percentage 
Cafeterias 11 10.8% 
Butchers 14 13.7% 
Bus drivers 18 17.6 % 
Hospitals 25 24.5% 
Labs 22 21.6% 
Groceries 12 11.8% 
Total 102 100% 
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Fig. (1): Type of cultures obtained from paper notes.  
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 Table (2):  Number of bacterial isolates from different currency 
denominations 
 
Denomination No of 
isolates 
Percentage 
100 SD 32 31.4 % 
200 SD 35 34.3 % 
500 SD 15 14.7 % 
1000 SD 14 13.7 % 
2000 SD 6 5.9 % 
 
SD = Sudanese Dinars. 
Table (3):  The type,  number and percentage of isolated bacteria 
from paper bills. 
Type of isolated bacteria Number of isolates Percentage 
E. coli 8 7.8% 
Salmonella. Pullorum 4 3.9% 
Salmonella. Enetritidis 3 2.9% 
Salmonella. arizonae 3 2.9% 
K. pneumoniae aerogenes 6 5.9% 
K. pneumoniae ozaenae 8 7.8% 
Proteus. Vulgaris 3 2.9% 
Proteus. mirabilis 2 2% 
Citro. amalonaticus 1 1% 
Citro. freundii 1 1% 
Ser. plymuthica 8 7.8% 
Ser. marcescens 1 1% 
Ent. cloacae 6 5.9% 
Ent. gergoviae 1 1% 
Y. enterocolitica 5 4.9% 
Y. entermedia 2 2% 
Hafnia alvei 3 2.9% 
Ps. aerugonosa 7 6.9% 
Staph .aureus 6 5.9% 
Staph .epidermidis 11 10.8% 
B. subtilis 6 5.9% 
B. cereus 4 3.9% 
B. coagulans 3 2.9% 
Total 102 100% 
    Table: (4) Types of isolated bacteria according to their pathogenicity. 
Type of 
isolates 
Isolates
No of 
isolates 
Percentage
Potential 
pathogens 
E. coli
Salmonella enteritidis
K. pneumoniae (aerogenes)
K. pneumoniae(ozaenae)
Proteus vulgaris
Proteus mirabilis
Y. enterocoliticia
Ps. aeruginosa
Staph. aureus
B. cereus
52 51% 
Opportunistic 
pathogens 
Salmonella. arizonae
Citro. amalonaticus
Citro. freundii
Ser. plymuthica
Ser. marcescens
Entero. cloacae
Entero. gergoviae
Y. enterocolitica
Hafnia. alvei
Staph. epidermidis
37 36.3% 
No 
importance 
as pathogens 
Salmonella  pullorum
B. subtilis
B. coagulans
13 12.7% 
 
  
Potential pathogens ; 
51%Opportunistic pathogens 
; 36.30%
No importance as 
pathogens ; 12.70%
Fig (2): Types of isolated bacteria according to pathogenic 
potential 
 Table (5):  Result of biochemical reactions of isolated gram-positive bacteria 
Character  S. aureus S. epidermidis B.subtilis B. cereus B. coagulans 
Shape S S R R R 
Catalase + + + + + 
Oxidase - - - + - 
Urease + + _ + - 
O.F F F F F - 
Motility - - + + + 
Glucose + + + + + 
Coagulase + - ND ND ND 
Lactose + + ND ND ND 
Mannitol + - ND ND ND 
Sucrose + + ND ND ND 
Trehalose + - ND ND ND 
V.P + + + + - 
Xylose - - + - + 
Haemolysis + - ND ND ND 
Maltose + + ND ND ND 
Galactose ND ND + - - 
Manose ND ND + - + 
Rafinose ND ND + - + 
Salicin ND ND + + -_ 
 
F= Fermentative                 += Positive     -= Negative    ND= Not detected 
S= Spherical              R= Red     
 Table (6): Result of biochemical reaction of isolated gram - negative bacteria   
Charcter  E. coli Hafnia alvei Ent. cloacae 
Ent. 
gergoviae 
Cit. 
freundii 
Cit. 
amalonat 
Y. 
Intermedia 
Y. 
enterocoliticia 
Shape R R R R R R R R 
Catalase + + + + + + + + 
Oxidase - - - - - - - - 
Motility + - + + + + + + 
O.F F F F F F F F F 
Glucose + + + + + + + + 
Indole + - - - + + + - 
M.R + - - + + + + - 
V.P - + + - - - - + 
Citrate - - + + + + + - 
Urease - - + + + + + + 
H2S(KIPº) - - - + + - - - 
Gelatinase ND ND ND ND ND ND ND ND 
NO3 reduction ND ND ND ND ND ND ND ND 
Adonitol - - - - - - - - 
Inositol - - - - - - + + 
Lactose + - + + + + + - 
Maltose + + + + + + + - 
Mannitol + + + + + + + + 
Sorbitol + - - - + + + + 
Sucrose + - + + - + + + 
Xylose + + + + + + - - 
Growth at 42 C ND ND ND ND ND ND ND ND 
 
R: Rod                     O: Oxidative           F: Fermentative               ND: Not detected 
                   +: positive                - : Negative             MR:Methyl red test        VP: Voges- Proskauer test 
        
  Table (6):  - continued 
Character  Ser. 
marcescens 
Ser. 
Plymuthica
Prot 
vulgaris 
Prot 
Mirabilis 
K. 
aerogenes 
K. 
Ozaene 
S. 
enteritidis 
S. 
pullorum 
Ps. 
aeruginosa
Shape R R R R R R R R R 
Catalase + + + + + + + + + 
Oxidase - - - - - - - - + 
Motility + + + + - - - - + 
O.F F F F F F F F F O 
Glucose + + + + + + + + + 
Indol - - + - - + - -  
M.R _ + + + - - + + ND 
V.P + - - - + + - - ND 
Citrate + + + + + - + - + 
Urease + - + + + + - - - 
H2S(KIP) - + + + - - + - - 
Gelatinase ND ND + + ND ND ND ND + 
NO3 
reduction ND ND ND ND ND ND ND ND 
+ 
Adonitol - - - - + + - - - 
Inositol + + - - + + + - - 
Lactose - + - - + + - - - 
Maltose + + + - + + + - - 
Mannitol + + - - + + + + + 
Sorbitol + + - - + + + - - 
Sucrose + + + - + + - - - 
Xylose + + + + + + + + + 
Growth 
at42C ND ND + ND ND ND ND ND 
+ 
 3.3 Bacterial load of paper bills: 
Results of the viable bacterial count on paper notes revealed that 
the highest viable count were detected in 100 SD and 200 SD bills 
(2.0×106, 1.4×106 CFU/ml) respectively, (Table: 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table (7): Viable bacterial count of paper bills samples 
Paper denom
APC 
100SD 200SD 500SD 1000SD 2000SD 
APC 
(A): 
2.0×106 
(A): 
1.4×106 
(A): 
5.0×105 
(A): 
2.0×105 
(A): 
5.0×105 
APC 
(B): 
1.6×106 
(B): 
1.2×106 
(B): 
5.0×105 
(B): 
5.0×105 
(B): 
1.0×105 
APC 
(C): 
1.4×106 
(C): 
1.0×106 
(C): 
4.0×105 
(C): 
4.0×105 
(C): 
7.0×104 
APC 
(D): 
1.4×106 
(D): 
9.0×105 
(D): 
3.0×105 
(D): 
3.0×105 
(D): 
4.0×104 
APC 
(E): 
1.3×106 
(E): 
5.0×105 
(E): 
3.0×105 
(E): 
1.0×105 
(E): 
1.0×104 
 
 
 
APC = Agar Plate Count    
 
 
 
 
 
 
  
Fig. (3): Staphylococcus aureus on blood agar. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (4): K. pneumoniae (ozaenae) on MacConkey Agar 
   
  
  
 
 
 
Fig. (5). Pseudomonas aeruginosa on Nutrient Agar 
  
 
 
 
 
 
 
  
  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
Fig. (6): Salmonella arizonae on MacConkey Agar  
 
   
Fig. (7): E. Coli on MacConkey Agar 
    
DISCUSSION 
The present study documented the isolation and identification of 
numerous bacterial types from Sudanese paper notes, many of them could 
act as potential pathogenes to humans.   
Until recently worldwide studies concerning the bacterial 
contamination of paper notes have been few and rather limited, this was 
reflected on the scarcely available literature and this study constituted the 
first trial to isolate and identify the extent of aerobic bacterial contamination 
of some Sudanese paper currency notes from various denominations in 
circulation in Khartoum State. 
    Paper currency is widely used and exchanged between individuals 
for goods, services and trades in all countries all over the world, its usage 
became inevitable in the world of today (Pope et al., (2002); El-Dars and 
Hassan, (2005)). 
   Currency notes in circulation last for years before being withdrawn, 
during this period they may harbour various types of pathogenic, 
opportunistic and non- pathogenic bacteria (El-Dars and Hassan, 2005). 
Thus  they may serve as vehicle for transmission of bacteria and probably 
transmission of diseases (Pope et al., (2002); El-Dars and Hassan, (2005)). 
Prolonged stay of paper notes in circulation increases the chances for 
the notes to be more contaminated Gadsby, (1998); Brown, (2003). 
  These contaminants include pathogenic organisms which cause 
diseases in healthy individuals as well as bacteria that cause diseases for 
hospitalized or immunocomparmized patients (Michael, (2002); Pope et al., 
(2002); El-Dars and Hassan, (2005)). The type of contaminants on paper 
 notes depends on the place and the activities performed before handling 
currency notes (Michael, 2002). 
The method used in this study to isolate bacteria contaminating 
Sudanese paper notes was found suitable, reliable and could be 
conveniently used in future studies. This method was a modification of that 
of Pope et al., (2002), who successfully isolated different types of bacteria 
from paper notes.  
All denominations investigated (100 SD, 200 SD, 500 SD, 1000 SD 
and 2000 SD) revealed bacterial growth, 65 % of samples gave mixed 
cultures, while 35 % of them revealed pure cultures. These results  were 
relatively comport able to that obtained by Bosavarajappa et al., (2005), 
who reported that 63 % of the obtained cultures were mixed and 37 % were 
pure cultures. In this study different bacterial species were isolated from 
paper currency and identified to species  level. 
The 100 SD bill was found to have the highest total bacterial count 
followed by 200 SD, 500 SD, 1000 SD and 2000 SD, respectively. The 
findings were similar to results of Chase, (2000), who found that  the one 
dollar bill had the highest bacterial count followed by five dollars, ten 
dollars and twenty dollars bills. 
Hundred SD and 200 SD bills were found to have higher numbers of  
isolates (31.4 %) and (34.3 %), respectively. These high bacterial counts 
and high rate of isolation in smaller denominations may be due to the fact 
that smaller denominations are more frequently used and exchanged, and 
accordingly liable to more contamination as suggested by El-Dars and 
Hassan, (2005). 
About 25 isolates which constituted  24.5 % of the total isolates were 
 obtained from paper notes sampled from hospital pharmacies. This high rate 
of bacterial isolation from paper notes obtained from pharmacies inside 
hospitals may be explained by the fact that hospital environmental 
encourage the builds up bacterial load. The isolation rates of contaminating 
bacteria in paper notes in other investigated group were 21.6 % for medical 
diagnostic labs, 17.6 % for bus drivers, 13.7 % for butchers, 11.8 % for 
groceries and 10.8 % for cafeterias.  
In this study Staph spp was the most frequently isolated bacterium, 
with isolation rate of about 16.7 %, 10.8 % of isolated bacteria was Staph 
epidermidis  which is a normal inhabitant of the skin of human and animal, 
it was also isolated by  Goktas and Oktay, (1992); Pope et al., (2002); El-
Dars and Hassan, 2005); Basavarjappa et al., (2005). Coagulase positive 
Staph. aureus (5.9 %) have also been isolated by Abrams and Waterman, 
(1972); Goktas and Oktay, (1992); Pope et al., (2002); El-Dars and Hassan, 
(2005); Basavarjappa et al., (2005). Presence of Proteus spp (4.9 %) 
substantiates the  findings of Abrams and Waterman, (1972); Goktas and 
Oktay, (1992). 
Since Kelbsiella pneumoniae is widely distributed in nature e. g. 
plant, soil, water, moist environment in hospitals, mouth and upper 
respiratory tract of human and animal and else where (Cheesbrough, 1987), 
in this study, this species was 13.7 % isolation rate. This finding was in 
accord with findings of Abrams and  Waterman, (1972); Goktas  and  
Oktay, (1992);  Pope et al., (2002); El-Dars and Hassan, (2005); 
Basavarjappa et al., (2005). 
The vegetation, dust and variety of foods constitute the normal 
habitat for Bacillus spp which in this study constituted 12.7 % of the total 
isolates, this  finding  is similar  to  the  findings of  Goktas and  Oktay 
 (1992) and Pope et al., (2002). 
Similarly E. coli which form a part of the normal microbial flora of 
the intestinal tract of humans and animals, and Salmonella which is found 
in the intestine of poultry and ruminants were also isolated in this study 
with isolation rate of 7.8 % and 9.7 % respectively. These findings are 
similar to the findings of  Abrams and Waterman, (1972); Khin et al., 
(1989);  Goktas and Oktay, (1992); Bonifzi, (2002); Basavarjappa, (2005). 
Ps. aerugenosa which is commonly found in water and vegetation, 
was detected in this study as a source of  pollution for Sudanese paper notes 
with an isolation rate of 6.9 %, this finding is simillar to the finding of 
Abrams and Waterman, (1972); Goktas and Oktay, (1992); Pope et al., 
(2005); Basavarjappa, (2005). 
Serratia spp (8.8 %), Yerssinia (6.9 %), Hafnia alvei (2.9 %) and 
Citrobacter spp (2 %), which have been isolated in this study, have not 
been reported in the available literature contaminating currency bills. 
However, the presence of these bacteria on paper bills indicates  poor 
personal hygiene since all these bacteria are assigned to enterobacteriace. 
This assumption is substantiated by the findings of Goktas and Oktay, 
(1992), who showed that currency notes were bacteriologically 
contaminated especially with enterobacteria including enteric-pathogens. 
Out of 102 isolates, 52 (51 %) were found to be potential pathogens 
that cause  disease in healthy individuals, and 37 (36.3 %) of the isolates 
were considered as pathogens for hospitalized and immunocompromized 
hosts. Similar findings were reported by El-Dars and Hassan, (2005), who 
showed that from 19 isolated bacteria, 14 were potential pathogens.  
 
 CONCLUSION 
 
• The study has revealed that most Sudanese paper notes are 
contaminated  with various types of bacteria including potential 
pathogens that cause disease in healthy individuals and opportunitic 
pathogens that may cause disease in hospitalized and 
immunocompromized patients.   
• The most common isolated bacteria were K. pneumonae, Staph 
epidermidis, Salmonella spp, Bacillus spp, Serratia spp, Proteus spp, 
Yerssinia spp, Hafnia alvei and Citrobacter spp.  
• This study showed that the most contaminated bill denominations 
were those of low denomination (100 and 200 SD), which also have 
the highest bacterial  count.  
• Paper notes obtained from pharmacies inside hospitals showed the 
highest rate of bacterial contaminations.  
 RECOMMENDATION 
• Currency notes must be handled with caution. 
• Shortening the  duration of circulation of paper notes. 
• A more complex study using molecular techniques would be 
required to prove transmission of bacterial diseases from person 
to person via paper currency. 
• Further work is required to provide complete picture about the 
extent of the contamination of the other denomination in 
circulation as well as coins.  
• Improvement of personal hygiene to reduce the extent of 
contaminating paper notes. 
• Hands should be washed   carefully after  handling currency 
notes. 
• Expand the usage of Credit Cards (C.C) as an alternate to 
currency notes. 
• Broaden the application of counting machines to reduce the 
hazard to bank workers.  
• Some measures such as disinfection should be applied for paper 
notes in banks to reduce the amount of contamination before 
they are circulated  again.  
• Incorporation of antimicrobial substances into paper  films to 
reduce the level of bacterial contaminations.  
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